Background: The importance of warm up procedures prior to athletic performance is well established. A common component of such procedures is muscle stretching. There is conflicting evidence regarding the effect of static stretching (SS) as part of warm up procedures on knee joint position sense (KJPS) and the effect of dynamic stretching (DS) on KJPS is currently unknown. The aim of this study was to determine the effect of dynamic and static stretching as part warm up procedures on KJPS and knee extension and flexion strength.
Introduction
Proprioception is the sense of the state, position and velocity, of body segments relative to neighbouring segments. Improvements in proprioception have been associated with decreased injury risk (Mandelbaum et al., 2005; Ogard, 2011) , and can be achieved following moderate intensity warm up exercise (Bartlett & Warren, 2002; Bouët & Gahéry, 2000; Magalhães, Ribeiro, Pinheiro, & Oliveira, 2010; Subasi, Gelecek, & Aksakoglu, 2008) .
Pre-exercise warm up procedures therefore can have an important contribution to reducing the immediate risk of soft tissue injury (Daneshjoo, Mokhtar, Rahnama, & Yusof, 2012) .
During pre-exercise warm up procedures moderate intensity exercise is often performed in conjunction with stretching exercises (Bishop, 2003) . There is conflicting evidence regarding the effect of stretching on proprioception. Static stretching (SS) of shoulder adduction agonists and antagonists had no effect on shoulder joint position sense (JPS) (Björklund, Djupsjöbacka, & Crenshaw, 2006) . Furthermore, no change in knee JPS (KJPS) was found after SS of the knee extensors and flexors (Larsen et al., 2005) . However, using the same duration of stretch, of the same muscle groups, Ghaffarinejad et al. (2007) reported improved KJPS.
Studies examining the effect of stretching on proprioception have focussed on SS (Larsen et al., 2005; Björklund et al., 2006; Ghaffarinejad et al., 2007) . In recent times the utility of SS as exercise preparation has been questioned (Simic, Sarabon, & Markovic, 2013) , because acute effects of SS include decreased muscle strength (Cramer et al., 2004) , sprint performance ( Fletcher & Anness, 2007; Haddad et al., 2014) , and increased fatigability (Trajano, Pinho, Costa, & Oliveira, 2015) . An alternative of increasing popularity is dynamic stretching (DS), which involves a repeated controlled movement through the joint range of motion (Fletcher & Anness, 2007) . Dynamic stretching improves muscle strength (Sekir, Arabaci, Akova, & Kadagan, 2010) , sprint (Haddad et al., 2014) and jumping (Haddad et al., 2014; Ryan et al., 2014) performance. However, the effect of dynamic stretching as part of a warm up procedure on KJPS is currently unknown.
The aim of this study was to determine the effects of SS and DS, following warm up exercise, on KJPS, and knee extension and flexion muscle strength. It was hypothesised that SS and DS would improve KJPS when compared to performing warm up exercise only.
In addition, it was hypothesised that SS would decrease strength and DS would have opposing effects, when compared to performing warm up exercise only.
Methods

Participants
Participants included 10 (3 females, 7 males, mean age 20 ± 1 years, mean mass 66.9 ± 10.5 kg, mean height: 169.6 ± 8.9 cm) healthy physically active adults. Student athletes competing in the sports of Football (soccer), Rugby Union and Tennis participated in the study. Participants had no current lower limb injury, or history of knee joint reconstruction.
This study was approved by the University ethics committee. All participants gave written informed consent, were aware of the nature of the study, and their right to withdraw, before participating.
Study Design
4
The study had a randomised cross-over design consisting of 3 experimental conditions.
Participants attended 3 laboratory visits during which a single experimental condition was performed. Each participant performed each condition, one per visit, and visits were separate by a period of 3-5 days. Each experimental condition consisted of a baseline (pre) measurement of KJPS, and knee concentric extension and flexion strength. At the beginning of each visit participants performed 3 practice trials of each of the KJPS conditions and knee extension and flexion isokinetic strength tests. Baseline measurements were followed by a period of 15 minutes cycling (Monark Exercise AB, Sweden) at 70% of the participant's estimated maximum heart rate. Participants then performed either seated rest (CON), SS, or DS stretching, immediately followed by post-test KJPS and knee extension and flexion strength measurements (Figure 1 ).
Stretching Procedures
Static stretches of the quadriceps and hamstrings muscle groups were held for 90 seconds each, held a point of mild discomfort. Dynamic stretches were performed for 3 sets of 12
repetitions of each movement at a self-preferred velocity, 30 seconds of rest was provided between each set. Each stretching protocol, and seated rest, lasted 3 minutes. For both SS and DS the order in which the muscles groups were stretched was counterbalanced between participants to avoid potential order effects.
Written and verbal instructions were provided for each stretch. For the quadriceps SS, participants stood upright and flexed the dominant leg, the ankle was then grasped and the knee flexed until the foot approached the buttocks, the hips were slightly extended to increase the stretch. Participants were blindfolded for the duration of the KJPS test to avoid visual input.
Three repetitions were performed for both the 20° and 45° KJPS tests at baseline and post experimental conditions. The order in which the KJPS conditions (target angle of 20° or 45°)
were performed was randomised for each visit, to prevent order effects. Knee joint position sense was calculated as the absolute error (AE) between the target angle and the actively recreated angle. The average of the 3 trials for 20° and 45° respectively at each stage was used for statistical analysis.
Strength Measurement
Concentric knee extension and flexion strength were measured using an isokinetic dynamometer in a seated position, with the hips fixed at an angle of 85°. Participants performed 3 sets of 5 repetitions of concentric knee extension and flexion contractions at a speed of 120°/s. Sixty seconds of rest was provided between each set. Concentric flexion and extension peak torque were determined as the average of the maximum torque achieved during each set.
Statistics
Two separate two-way repeated measures MANOVAs were performed to determine the effects of warm up (pre, post) and stretching type (SS, DS, CON) on KJPS measured at 20°
and 45°, and on concentric quadriceps and hamstrings peak torque. Separate MANOVA tests were performed of KJPS and strength variables to avoid low intercorrelations between the KJPS and strength variables decreasing the power of the MANOVA and potentially masking independent effects for KJPS and strength. Wilk's lambda (λ) test statistic was used for MANOVAs. Univariate tests were performed to explore significant multivariate effects, and pairwise comparisons with Bonferroni correction were performed for significant main effects. Effects sizes were estimated using partial eta squared ( 2 ) and were interpreted as small: 0.10-0.29, medium: 0.30-0.49 and large: ≥0.50 (Cohen, 1988 ). An alpha level of 0.05 was used for all statistical tests.
Results
Effect of Warm Up and Stretching on KJPS
There was a warm up x stretching type multivariate interaction effect for KJPS at 20° and strength. Static stretching decreased strength for both muscle groups (Figure 2 ). There was a univariate effect of stretching type on knee extension strength (F(2,18) = 7.81, p = 0.004, 2 = 0.47), but no effect on knee flexion strength. Knee extension strength was lower in SS than in DS (p = 0.025) and CON (p = 0.036) conditions.
Discussion
The main findings of this study were that interaction effects between warm up and stretching type exist for both KJPS and knee muscle strength. There was a main effect of warm up, and both SS and DS improved KJPS compared to CON. Furthermore, SS decreased extension and flexion concentric strength compared to CON and DS, in partial agreement with the hypothesised effect as CON and DS had no effect on muscle strength.
The findings of the present study appear to agree with those of a previous study (Ghaffarinejad et al., 2007) . Knee joint position sense at a target angle of 45° was improved by warm up, and the significant interaction suggests that performing either SS or DS in addition to a period of moderate intensity cycling improves KJPS compared to cycling alone.
These findings contrast with those reporting the effect of static stretching on KJPS (Larsen et al., 2005) and shoulder JPS (Björklund et al., 2006) , that report no effect of stretching. A potential explanation for this difference is that in the current study static stretching consisted of a 90 second continuous stretch as opposed to 3 30 second periods of stretching (Larsen et al., 2005) , or 3 20 second periods of stretching, adopted previously (Björklund et al., 2006) . It is possible that the shorter periods of stretch followed by rest, provided in previous studies (Björklund et al., 2006; Larsen et al., 2005) did not alter the function of muscle spindles to the same extent as a single continuous stretch.
Several studies have demonstrated that performing moderate intensity warm up exercises improves KJPS ( Bouët & Gahéry, 2000; Bartlett & Warren, 2002; Magalhães et al., 2010; Daneshjoo et al., 2012) . Moderate intensity exercise increases excitability of intrafusal and extrafusal sensory structures (Bouët & Gahéry, 2000) . However, the significant warm up x stretching type interaction effects present in this study might suggest that both SS and DS provide benefits to KJPS beyond performing moderate intensity exercise alone. However, these additional effects could also be the result of the added volume of exercise resulting from the addition of SS and DS to moderate intensity exercise. Dynamic stretching increases activity of the stretched muscles in a subsequent task (Amiri-Khorasani & Kellis, 2013), possibly increasing the activity of muscles spindles and subsequently the afferent proprioceptive feedback.
Muscle spindles are the primary detectors of changes in muscle length, and are oriented in parallel with the muscle fibres (Macefield, 2005; Subasi et al., 2008) . The findings of this study suggested that stretching the muscle fibres, and subsequently muscle spindles, in conjunction with moderate intensity exercise increases the spindle sensitivity and excitability to a greater extent than performing exercise alone.
Negative effects of SS on muscle strength (Cramer et al., 2004; Power, Behm, Cahill, Carroll, & Young, 2004) and athletic performance ( Fletcher & Anness, 2007; Haddad et al., 2014; Trajano et al., 2015) have been established previously, and the findings of the present study are in agreement. Concentric strength of the knee extensors and flexors were greater in both DS and CON compared to SS conditions. Static stretching increases muscle-tendon unit compliance, reducing force transmission from the muscle to skeletal structures, as well as reducing the muscle activation that may be the result of reduced excitability of the motor neuron pool or altered mechanoreceptor excitably (Björklund et al., 2006; Cuissard, Duchateau, & Hainaut, 1988; Peng et al., 2016; Power et al., 2004; Ye, Beck, & Wages, 2016) . In contrast, DS demonstrates increased muscle activity following stretching (AmiriKhorasani & Kellis, 2013), likely due potentiation of the stretched muscle groups caused by the active movement.
Recently DS has been found to improve muscle strength and athletic performance ( Sekir et al., 2010; Haddad et al., 2014; Ryan et al., 2014) . The present study found no change in muscle strength following DS and Costa et al. (2014) ACL injury in healthy participants (Mir, Talebian, Naseri, & Hadian, 2014) . The improvement in KJPS following SS and DS is likely due to the stretching procedures altering the function of muscle spindles (Ghaffarinejad et al., 2007) , as the sensitivity of muscle spindle intrafusal fibres is increased (Proske, Morgan, & Gregory, 1993) . Proprioception has an important role in stabilising and correctly positioning the knee joint during dynamic exercises (Ogard, 2011) . Therefore it is possible that acutely improving KJPS prior to exercise can reduce the likelihood of the knee being placed in high risk positions. However, the decrease in muscle strength following SS could impair athletic performance, limiting its utility in pre-exercise warm-up procedures, despite the potential benefits to knee joint injury risk provided by improved KJPS. In this respect, DS appears to be a suitable compromise. Similar improvements were seen in KJPS between SS and DS, but DS did not result in a decrement to knee extensor and flexor muscle strength, although the previously reported increase in strength (Sekir et al., 2010) was not found using 3 sets of only 1 DS exercise per muscle group in the current study. Based on the findings of the present study, it is therefore recommended that if stretching exercises are to be included in pre-exercise warm up procedure DS should be chosen in preference to SS.
In the present study the intensity of stretch for SS and DS was not directly controlled, instead each muscle group was stretched to the participants' volitional maximum range in both SS and DS. Whilst this approach does not specifically control for muscle length and tension it does replicate the approach adopted by previous research (Costa et al., 2014; Fletcher & Anness, 2007; Ghaffarinejad et al., 2007; Haddad et al., 2014; Larsen et al., 2005; Power et al., 2004; Sekir et al., 2010) to allow for comparison between methods. It is possible that the effect of stretching on muscle strength is dependent on the time the muscle is stretched to the extremity of its range of motion. If this is the case then the longer duration spent at the maximum range of motion in SS than DS may have led to the negative effect on muscle strength after SS, not found for DS. Any effect of stretch duration would also have important implications when comparing between the findings of studies adopting different SS durations or repetitions of DS, and direct comparisons between studies should be made with caution.
The inclusion of both males and females in the study sample may be considered a limitation of the current study. By including both sexes there is a greater possibility for heterogeneity in the response to stretching on KJPS and muscle strength. Furthermore, the control condition used in the present study did not have an equal exercise volume to that of the experimental conditions, by using seated rest in place of the stretching protocols. As such, the effects of stretching on KJPS compared to exercise only may be due to the added volume rather than stretching. Finally, the small sample size used may limit the broader application of these findings, however, the medium and large effect sizes for KJPS and muscle strength variables indicate that the findings of this study have merit beyond the small sample measured.
Conclusions
The findings of this study demonstrate that performing SS or DS of the quadriceps and hamstrings as part of pre-exercise warm up procedures improves KJPS. However, the negative effect of SS on muscle strength will limit its utility as preparation for athletic tasks were maximal force production is a performance component. This study is the first to examine the effect of DS on KJPS and the results suggest that 3 sets of DS for 2 muscle groups about the knee (quadriceps and hamstrings) was sufficient to improve KJPS but did not alter muscle strength. Therefore, DS offers a viable alternative to SS for exercise preparation due to its ability to improve KJPS without detriment to muscle strength.
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